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BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

This invention relates generally to transceivers, and, more particularly, to a harmonic 
mixer useful in an integrated radio frequency transceiver. 

2. DESCRIPTION OF THE RELATED ART 

The increasing demand for portable wireless communication devices having lov^ 
price, weight and size and improved capabilities is prompting research in new IC (integrated 
circuit) technologies, circuit configurations and transceiver architectures. Transceiver 
implementations for wide band systems comprising direct conversion mixers are known and 
meet the above mentioned requirements better than architectures based on the widely used 
super-heterodyne principle. 

At the transmitter stage of the transceiver, direct conversion mixers are used to up- 
convert a baseband analog or digital signal to a RF (radio frequency) signal for ease of trans- 
mission. At the receiver stage, direct conversion mixers are used to down-convert a received 
RF signal to baseband for ease of signal processing. Therefore, no high-Q filters and high-Q 
image rejection filters are necessary for image rejection and IF (intermediate frequency) 
filtering. Generally, it is difficult to integrate high-Q filters. Such receivers are also called 
zero-IF receivers, since the wanted signal is directly down-converted to the baseband and the 
IF is chosen to be zero. The mixers used therein commutate the amplified RF signal with the 
LO (local oscillator) signal. For example, in the often-used bipolar mixer based on the 
Gilbert analog multiplier, a current-mode commutation is performed. 
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For such direct conversion topologies, several problems like carrier leakage, second 
order intermodulation, and interference between local oscillator and RF signals exist. 

5 Especially direct conversion receivers require a high degree of linearity of the mixer 

stage, since second order spurious products fall directly into the obtained baseband frequency 
and disturb the desired signal. The main reason for such second order mixer non-linearity is 
:y based on signal cross talk between the input signals of the mixer. Generally, this will lead to 
S signal self^mixing effects causing DC (direct current) offset. However, this DC offset is not 
1(>J constant. 

Further problems in state of the art transceiver architectures are pulling effects. In 
r; principal, such effects can be prevented by isolating the VCO (Voltage Controlled Oscillator) 
"l! generating the LO signal from all other signals. However, isolation is a problem for archi- 
15 tectures where the VCO is operating at the transmit frequency, i.e., FM (frequency modula- 

tion) systems using direct modulation of the VCO or a direct up-conversion principle. In 
such transceiver architectures, the power amplifier (PA) or a power pre-amplifier generates 
strong signals on the chip at the same frequency the on-chip VCO is operating at. The same 
problem occurs if sfrong signals are applied to the Rx (receive) input. VCO pulling is caused 
20 by non-perfect isolation, i.e., in transceiver topologies where the VCO is running at the same 

frequency as the Tx (transmit) output and the Rx input are operated. In modem transceiver 
architectures it is desirable to reduce such effects. 

In state of the art receivers, the incoming RF signal is multiplied by a sinusoid signal 
25 derived from a local oscillator (LO signal). Both signals may be represented by a voltage or a 
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current. The mixer performing the muhipHcation of both signals comprises two inputs that 
are practically not completely decoupled. Therefore, in addition to the wanted signal, each 
mixer input signal additionally contains a smaller cross-coupled portion of the other signal. 
Due to the multiplying property of the mixer, the output signal contains spurious signals, 
which are proportional to the power of the received signal centered around DC. These spuri- 
ous signals are especially disadvantageous for the direct conversion principle, since the 
desired down-converted RF signal is also centered at a frequency of f=0. 

The present invention solves, or at least reduces, some or all of the aforementioned 
problems. 

SUMMARY OF THE INVENTION 

The present invention provides a harmonic mixer comprising a multiplier circuit 
having first and second mixers and a generator for generating two first and two second 
control signals for controlling the first and second mixers, wherein the control signals are 
balanced signals and are provided in four phases shifted by 7i/2 m phase, and the frequency of 
the control signals is different from the frequency of the mixer input signal. 

In one embodiment of the invention, the multiplier circuit is a Gilbert cell, i.e., a 
cross-coupled differential amplifier, where all transistors are used as switches and the control 
signal generating means comprise a VCO. 

In another embodiment of the invention, the frequency of the control signals is half 
the frequency of the mixer input signal. 
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In another embodiment of the invention, the first mixer comprises a pair of field effect 
transistors and the second mixer comprises two pairs of field effect transistors. 

The present invention further provides a harmonic mixer for I/Q quadrature phase 
modulation comprising a first multiplier circuit having first and second mixers for generating 
inphase (I) components, a second multiplier circuit having third and fourth mixers for 
generating quadrature (Q) components and a generator for generating two first and two 
second control signals for controlling the first and second mixers and two third and fourth 
control signals for controlling the third and fourth mixers, wherein said first, second, third 
and fourth control signals are balanced signals, a phase shift of nl2 between the first and 
second control signals is provided, a phase shift of nil between the third and fourth control 
signals is provided, a phase shift of 7u/4 between the first and second control signals and the 
third and fourth control signals is provided, and the frequency of the control signals is half 
the frequency of the mixer input signal. 

In one embodiment of the invention, the first and second multiplier circuits comprise 
a Gilbert cell, where all transistors are used as switches and the control signal generator 
comprises a VCO and a filter bank. 

In another embodiment of the invention, the frequency of the control signals is half 
the frequency of the mixer input signal. 

In a fiirther embodiment of the invention, the first and third mixers comprise a pair of 
field effect transistors and the second and fourth mixers comprise two pairs of field effect 
transistors. 
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In another embodiment of the invention, the fiher bank comprises an initial n/4 phase 
shifter and two polyphase filters for generating the eight control signals, and the n/4 phase 
shifter has two all-pass filters providing two differential signals shifted by n/4. 

The inventive receiver utilizes a VCO oscillator operating at half the frequency of the 
received RF signal. Although, the control signals are preferably generated by means of a 
VCO, the present invention is not limited to a topology comprising a VCO. The control 
signals may also be generated by other devices known in the art. The VCO is generating two 
balanced signals having the same frequency, which are shifted by 90 degrees in phase. 
According to the invention, these two signals are essentially multiplied with each other, 
whereby a spectral component at twice the frequency of the balanced signal is created. This 
component can be used to convert the desired signal into the desired frequency range. 
Because of this general approach, the inventive principle can be used for a large variety of 
mixers, e.g., for mixers in direct conversion receivers or for mixers in direct conversion 
transmitters. 



Principally, the following mathematical relations are used. Consider two signals 

"fcoi - ^1 cos 6)^t and Uyco2 = "2 ^osco^t + cp . These signals uvco2 and uycoi are shifted by an 

angle of 9 degrees. If both signals are multiplied, the following signal 

"mix - Gmix ■ "vcoi ■ "vco2 can be derived, wherein Gmk is an amplification factor: 

= Gaox^i cos(co,t) ■ cos(cOi^ + (p) 
- —G^u^U2(cos^ + cos(2a>^t + <py) 
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As can be seen from (1), for a phase shift of 9 = 90 degrees between the two VCO 
signals, the DC component gets cancelled. This simplifies the circuit design. 

Using real analogue multiplier would allow the use of sinusoidal signals, and there- 
fore, the direct implementation of inphase (I) and quadrature (Q) signals by implementing the 
following functions: 

^Mix = cos (o^t • sin a^t = ^ sin Ico^t (2) 
Qmix = ^^^^ ~ ^^'^^ ^'^^ 

These two dependencies are required in modem transceiver architectures for digital 
modulation schemes taking advantage of the complex behavior of signals. However, due to 
bad noise performance, such an analogue implementation is rather seldom used compared to 
a switching realization as it is used in the present invention. 

The present invention solves an inherent problem of mixer realization for direct up- 
and down-conversion architectures, whereby no other implementation leads to such perform- 
ance with respect to Unearity and suppression of LO signals. Furthermore, from a system 
architecture point of view, the hardness of the VCO signals in relation to the signals coming 
from the power amplifier is reasonably improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may be understood by reference to the following description taken in 
conjxmction with the accompanying drawings, in which like reference numerals identify like 
elements, and in which: 
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Figure 1 is a circuit diagram of a mixer according to the present invention; 

Figure 2 is a diagram of the control vohages apphed to the first and second switching 

means; 

Figxire 3 is a diagram of the conductance characteristic of the mixer output; 

Figure 4 is a circuit diagram of an I/Q quadrature phase implementation of a mixer 
according to the present invention; 

Figure 5 is a circuit diagram of a filter bank according to the present invention for 
providing the control signals each shifted by 45 degrees in phase; 

Figure 6 is a circuit diagram of two all-pass filters according to the present invention 
providing initial 45 degrees phase shift; 

Figure 7 is a circuit diagram of a polyphase filter according to the present invention 
providing four signals shifted by 90 degrees relative to each other; 

Figure 8 is a phase plot of the filter bank output signals; and 

Figure 9 is a block diagram of a RF front-end with I/Q signal generation for a 
1200MHz/l 200MHz frequency ratio according to the present invention. 
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While the invention is susceptible to various modifications and alternative forms, 
specific embodiments thereof have been shown by way of example in the drawings and are 
herein described in detail. It should be understood, however, that the description herein of 
specific embodiments is not intended to limit the invention to the particular forms disclosed, 
5 but on the contrary, the intention is to cover all modifications, equivalents, and alternatives 

falling within the spirit and scope of the invention as defined by the appended claims. 

Ji DETAILED DESCRIPTION OF THE INVENTION 

CI Illustrative embodiments of the invention are described below. In the interest of 

10?; clarity, not all features of an actual implementation are described in this specification. It will 
of course be appreciated that in the development of any such actual embodiment, numerous 
Cj implementation- specific decisions must be made to achieve the developers' specific goals, 
y such as compliance with system-related and business-related constraints, which will vary 
i?=* from one implementation to another. Moreover, it will be appreciated that such a develop- 
15 ment effort might be complex and time-consuming, but would nevertheless be a routine 

undertaking for those of ordinary skill in the art having the benefit of this disclosure. 

The present invention will now be described with reference to the attached figures. 
Although the various regions and structures of a semiconductor device are depicted in the 

20 drawings as having very precise, sharp configurations and profiles, those skilled in the art 

recognize that, in reality, these regions and structures are not as precise as indicated in the 
drawings. Additionally, the relative sizes of the various features and doped regions depicted 
in the drawings may be exaggerated or reduced as compared to the size of those features or 
regions on fabricated devices. Nevertheless, the attached drawings are included to describe 

25 and explain illustrative examples of the present invention. 



Page 9 of 18 



2000.066100 
DE0028 



Referring now to Figure 1, a schematic circuit diagram of a preferred embodiment of 
the direct conversion mixer according to the present invention is illustrated. As shown in 
Figure 1, the circuit comprises a switching network 10, a control signal generating means 20 
and two output operational amplifiers 17, 18. The control signal generating means 20 may be 
a VCO. The input signal 19 is an RF signal. The switching topology shown is a Gilbert cell 
providing a balanced architecture for the four control signals 21, 22, 23 and 24. In the 
following, the term Gilbert cell is used for a Gilbert cell-like switching topology, where all 
transistors are used as switches. As shown in Figure 1, the Gilbert cell mixer comprises a 
first mixing stage comprising two field-effect transistors (FETs) 13 and 16 and a second 
mixing stage comprising four FETs 11, 12, 14 and 15. More particularly, the Gilbert cell 
includes two field-effect transistors (FET) 1 1 and 12 whose sources are connected to FET 13, 
and two FETs 14, 15 whose sources are connected to FET 16. LO signals are applied to all 
gates of the FETs. The LO signals 21 and 22 applied to the gates of FETs 13 and 16 are 
balanced signals. Similarly, the LO signals 23 and 24 applied to the gates of FETs 1 1, 12 and 
14, 15 are balanced signals. It has to be noted that signal 23 is applied to the gates of FETs 
11 and 14 and signal 24 is applied to the gates of FETs 12 and 15. Additionally, as can be 
seen from Figure 1, the LO signals applied to the FET gates of mixing stage one and the LO 
signals applied to the FET gates of mixing stage two are shifted by 90 degrees in phase. All 
LO signals have the same frequency, however, the frequency is half the frequency of the 
input signal 19 and the LO signals are shifted by 90 degrees in phase. FET 14 has a drain 
connected to the drain of FET 11, which is connected to the positive input of output amplifier 
17. Similarly, FET 12 has a drain connected to the drain of FET 15, which is connected to 
the negative input of the output amphfier 18. The negative input of the operational amplifier 
17 and the positive input of the operational amplifier 18 are connected and coupled to ground. 
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The output signals of the Gilbert cell are detected by these fully differential operational 
amplifiers 17, 18 suppressing the RF in the further signal path by their CMRR (common 
mode rejection ratio). Although, only a FET realization is shown, depending on the technol- 
ogy being used, the switches may also be bipolar transistors. 

Referring now to Figure 2, a diagram of two of the four signals, which are applied to 
the first and second switching means is shown. All signals have the same shape (the ringing 
is caused by the harmonic balance simulator in use), but are shifted by 90 degrees in phase. 
As the low time equals the high time, no even order harmonics are comprehended in these 
signals. 

Referring now to Figure 3, a diagram of the conductance characteristic of the mixer 
output is shown. Therein, a spectral component at twice the frequency of the VCO signal 
dominates the spectrum characteristic. This will be used to convert the incoming RF signal. 
It is inherent in the inventive architecture that neither the VCO signal itself or its derived 
components at the double frequency nor the incoming RF signal will appear at the output in 
differential mode. The circuit according to this invention operates in voltage mode. There- 
fore, smaller switch transistors, a low impedance RF source and high input impedance of the 
operational amplifier are required, hi current mode, larger switches, a higher impedance RF 
source and a low input impedance operational amplifier are required. 

Modem transceiver architectures require complex signal processing. Therefore, a 
signal path for an inphase component (I) and for a quadrature phase component (Q) has to be 
provided. Hence, another four signals with a phase shift of 45 degrees relative to the first 
signals have to be provided. Since this 45 degree phase shift leads to a 90 degree phase shift 
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between both paths in the present receiver implementation, the requirements of the architec- 
ture are fulfilled. 

Figure 4 shows a circuit diagram of such an I/Q quadrature phase implementation of a 

5 mixer. This I/Q path realization includes a first Gilbert cell circuit 10 providing I - signals 40 

and 41, a second Gilbert cell circuit 30 providing Q - signals 42 and 43, four output opera- 
tional amplifiers 17, 18, 31 and 32 and means for generating control signals 20. The Gilbert 
cell circuits 10 and 30 are equivalent to the Gilbert cell circuit of Figure 1. It is therefore 
referred to the corresponding explanation. The means for generating control signals 20 may 

m comprise a VCO and preferably a filter bank. They provide four control signals 21, 22, 23 

and 24 for the first Gilbert cell mixer and four control signals 25, 26, 27 and 28 for the 
second Gilbert cell mixer. The signals 21 and 22, 23 and 24, 25 and 26, 27 and 28 are in each 
case balanced. Hence, four control signals for the first Gilbert cell shifted by 90 degrees in 
phase and four control signals for the second Gilbert cell shifted by 90 degrees in phase are 

15 provided. Additionally, the control signals of the second Gilbert cell are shifted by 45 

degrees relative to the control signals of the first Gilbert cell. All control signals have the 
same frequency, however, the control signal and VCO operation frequency is preferably half 
the frequency of the input signals. The operational amplifiers 17 and 18 provide the 1+17 
and I- 18 signals and the operational amplifiers 31 and 32 provide the Q+ 31 and Q- 32 

20 signals. Although, a FET realization is shown in Figure 4, the switches may also be bipolar 

technology. 

The eight different control signals may be provided by a filter bank deploying all-pass 
filters and 90 degree polyphase filters. However, other implementations are possible. 

25 
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In Figure 5, a filter bank implementation 50 according to the present invention is 
shown. Therein, the initial signals are applied to a 45 degree phase shifter 60 providing two 
differential signals, which are shifted by 45 degrees. Subsequently, the 90 degree polyphase 
filters 70 generate the desired eight signals. 

5 

Referring now to Figure 6, one possible structure of the 45 degree phase shifter 60 is 
depicted. The phase shifter 60 comprises two all-pass filters detuned to result in a 45 degree 
phase difference between the outgoing signals. The input terminals are indicated by refer- 
ence numbers 71, 72 and the output terminals are indicated by reference niombers 73, 74, 75 
10 and 76. 

One implementation of the 90 degree polyphase filter 70 of Figure 5 is depicted in 
Figure 7. The input terminals are indicated by reference numbers 81, 82, 83 and 84 and the 
output terminals are indicated by reference numbers 85, 86, 87 and 88. 

15 

The particular values for the resistors and capacitors in the circuits depicted in Figures 
6 and 7 will be selected as a function of the desired target frequency of operation. Those of 
ordinary skill in the art will easily be able to select appropriate values for the resistors and 
capacitors for any desired frequency of operation. For example, in one illustrative embodi- 
20 ment of the circuits of Figures 6 and 7, for a target frequency of operation of 1 .2 GHz, the 

following values may be used: 

Resistors 73 A, 74A, 75A, 76A = 0.6 e+3 ohms 

Resistors 85A, 86A, 87A, 88A = 1.0 e+3 ohms 

Capacitors 73B, 74B = 126 e-15 farads 
25 Capacitors 75B, 76B = 4.0 e-15 farads 
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Capacitors 85B, 86B, 87B, 88B = 130 e-15 farads 

Referring now to Figure 8, a phase plot of the eight filter bank output signals having a 
45 degree phase shift and a reasonable amplitude balance is shown. 

5 

Referring now to Figure 9, a block diagram of an RF front-end realization with I/Q 
signal generation for a 1200MHz/ 1200MHz fi-equency ratio according to the present inven- 
iQ tion is illustrated. The RF front-end comprises a receiver section, a transmitter section and a 

Jl control signal generation section. The receiver section comprises a receiver input Rx receiv- 

Q 

iqjS ing a 2400 MHz signal, a Rx Buffer, four switching means 51, 52, 53 and 54 and receiver 
outputs providing the I- and Q- signals. The respective phase shifts of the switching means 
Ji=; control signals are indicated in Figure 9. The control signal generation section has a filter 
bank 50. Two balanced 1200 MHz VCO signals are applied to the filter bank. The trans- 

W 

C3 mitter section comprises a transmitter output Tx transmitting a 2400 MHz signal, a Tx Buffer, 
1 5 four switching means 55, 56, 57 and 58 and transmitter inputs receiving the I- and Q- data. 

The particular embodiments disclosed above are illustrative only, as the invention 
may be modified and practiced in different but equivalent manners apparent to those skilled 
in the art having the benefit of the teachings herein. For example, the process steps set forth 
20 above may be performed in a different order. Furthermore, no limitations are intended to the 

details of construction or design herein shown, other than as described in the claims below. It 
is therefore evident that the particular embodiments disclosed above may be altered or modi- 
fied and all such variations are considered within the scope and spirit of the invention. 
Accordingly, the protection sought herein is as set forth in the claims below. 

25 
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